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Blood platelets: Circulating mirrors of neurons?
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Blood platelets and resident neurons are fundamentally different 
cells, with peculiar features in embryological origin, function, and 
localization. However, they share common characteristics in subcel-
lular organization and in protein composition.1 One of the most in-
triguing observations is that several proteins are typically expressed 
in both neurons and circulating platelets. In the latter, their concen-
trations are unusually high, and they are found to regulate processes 
such as platelet activation, hemostasis, and thrombosis.

Four excellent examples are:

1. The neuronal protein reelin, which regulates cell migration and 
synaptic plasticity, is present in plasma and in blood platelets 
where it regulates arterial thrombosis.2,3

2. Amyloid Aβ peptides, which accumulate in senile plaques in 
Alzheimer disease, and the amyloid precursor protein (APP) are 
expressed in megakaryocytes, are stored in platelet α‐granules, 
and are released upon platelet activation. APP controls coagula-
tion and thrombosis,4,5 whereas amyloid Aβ peptides stimulate 
platelet aggregation.6

3. Brain‐derived neurotrophic factor, which is implicated in the 
pathophysiology of depression, is synthesized in megakaryocytes 
and accumulates in platelets, where it modulates thrombosis.7,8

4. The neurotransmitter serotonin, which has important roles in 
controlling behavior and sociality, is stored in platelet‐dense gran-
ules where it is released upon activation to act as a weak agonist.9

Because of these and other parallelisms, circulating platelets have 
been proposed as an alternative model to investigate neuronal dys-
functions and as an accessible peripheral biomarker to monitor the 
onset and the progression of neurological disorders. In this context, 
the majority of platelet studies have so far been focused mostly on 
depression and Alzheimer disease. However, investigations on schizo-
phrenia, autism, and Parkinson disease have recently become popular. 

Conversely, since platelets reflect some features of neurons in term 
of protein expression, it has been suggested that changes in neuronal 
metabolism may also be reflected in dysfunctions in platelet activation 
or coagulation.

A recent review article by Padmakumar and colleagues, pub-
lished in RPTH,10 provides a timely summary of the literature on au-
tism spectrum disorders (ASDs) and platelet studies since the early 
1970s.

ASDs are complex neurological disorders with different grades 
of severity that include autism, Asperger syndrome, and variable 
degrees of childhood disintegrative and pervasive disorders. The 
pathology of ASD is unknown, but underlying gene‐environment in-
teractions have been suggested.11

Platelets do not synthesize serotonin, but they adsorb it from 
plasma through the serotonin transporter SERT and pack it into 
dense granules; 99.9% of plasma serotonin (corresponding to 
about 250 ng/mL) is stored in platelets. Several works have been 
published in the past 50 years describing platelet alterations in 
ASD patients. This review critically analyzes the principal findings 
obtained from different studies, comparing cohorts of patients 
and experimental results, with useful summary tables. Indeed, 
most studies reveal high levels of serotonin in platelets of autism 
patients. This hyperserotonemia correlates with age, ethnicity, 
sex, and genetic variants in genes that are known to be correlated 
with serotonin metabolism and transport. More interestingly, ge-
netic variations in the platelet fibrinogen receptor integrin αIIbβ3 
correlate with ASD. The expression, but not the affinity of the 
serotonin transporter SERT, is increased on the surface of ASD 
platelets, and integrin αIIbβ3 directly interacts with SERT. Also, 
metabolism of the serotonin derivatives N‐acetyl serotonin and 
melatonin is altered in ASD platelets. Finally, platelet alterations 
in dense granule contents and in platelet function have been ob-
served in ASD patients.10
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The critical analysis of previous results and the discussion pre-
sented in this review article strongly support the use of platelets as 
reliable biomarkers for ASD. In addition, new perspectives are open 
in the diagnosis of ASD with functional platelet tests, dense gran-
ule ultrastructural analysis, and next‐generation sequencing that are 
shown to complement the measurement of platelet serotonin levels.

Most importantly, these studies support the notion that plate-
lets can be rightfully considered as circulating mirrors of neurons 
(see Figure 1). In the near future, the analysis of platelet morphology, 
functionality, metabolism, and protein and lipid composition may ad-
vance the study of neuron abnormalities. In this context, platelets 
may become the perfect peripheral biomarkers for diagnosis of neu-
ronal dysfunctions.
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F I G U R E  1   Schematic representation 
of platelets mirroring neurons. Neurons 
and platelets share common proteins 
(reelin, amyloid peptides, APP, BDNF, 
serotonin, and others). Alterations in 
metabolism of these proteins are related 
to neurological disorders and may be 
reflected in abnormalities in circulating 
platelets. APP, amyloid precursor protein; 
BDNF, brain‐derived neurotrophic factor
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